Introduction
the subjects encounter active conspecifics, the behaviors are the function of reciprocal 48 interactions, during which the subject and demonstrator influence one another. This bi-49 directionality increases the variability of behavioral readout and possibly masks certain 50 behavioral traits. As an extreme case, the high inter-male aggression in rodents overshadows 51 other forms of social interactions between unfamiliar males. 52 To overcome such limitations, we characterize the interaction with an anesthetized 53 conspecific that eliminated both the reciprocal exchange of social cues and inter-male aggression. 54 The anesthetized demonstrator remains a source of strong social signals, which have been found 55 to elicit defensive responses including ultrasound vocalizations in rats (Blanchard et al., 1986;  56 Blanchard et al., 1993) . 57 In this study, we examine mice with the CA3-restricted knockout of BDNF, which 58 exhibit elevated aggression and dominance towards cage mates but normal cognition and social 59 memory (Ito et al., 2011) . As predicted, the new test allowed comparisons between responses to 60 social cues from familiar versus unfamiliar conspecific while avoiding aggression. To this end, 61 we find a distinct social trait -sustained contacting the familiar, but not unfamiliar anesthetized 62 conspecific -and that trait was compromised in the BDNF KO mice, which showed normal 63 sociability in the three chamber test (Moy et al., 2004) . 
Results

67
Effect of BDNF CA3 KO on contacting familiar and unfamiliar demonstrator 68 The KO and WT mice were presented with an anesthetized demonstrator, either the sibling cage 69 mate (familiar) or a stranger on the 129SvEv background (unfamiliar) (Fig.1A) . The 70 demonstrator was placed at the center of the cage and the cotton nest was at the corner. Subjects 71 did not exhibit aggression, neither did they huddle; however, in the case of familiar 72 demonstrators, they started huddling once the anesthesia wore off and demonstrator began to 73 move, typically, after 90 min of immobility. We first analyzed physical contacts towards the 74 anesthetized demonstrator. The "contacting" included sniffing head and genitals, allogrooming, 75 head-to-head contact, touching any body part, sticking a nose under the body, and digging wood 76 chip bedding underneath.
77
Total four independent groups of the KO and WT mice presented with either familiar or 78 unfamiliar demonstrators were examined (Fig.1) . In all groups, robust contacts were observed 79 during the first 10 minutes followed by the lower level but steady contacts during the remaining 80 80 min ( Fig.1B) . For the intense contacts during the first 10 min, there was no significant 81 genotype*familiarity interaction or no significant main effect of either familiarity or genotype.
82
During the subsequent 80 minutes, there was a significant genotype*familiarity interaction (F(1,60)=4.59, p=0.036) alongside a significant main effects of both familiarity (F(1,60)=28.6, 97 p<0.001) and genotype (F(1,60)=4.58, p=0.038). In the time bin analysis along the 90 min 98 observation period, WT mice exhibited a significantly longer duration of contacts with familiar 99 mice during seven out of nine 10-min time bins, whereas KO mice showed a significant 100 difference only in one bin ( Fig.1B ). There were no differences between genotypes in contacting 101 unfamiliar mice. For the entire 90 min, WT mice spent significantly more time contacting 102 familiar stimuli (t=5.38, p<0.001), whereas KO mice only showed a tendency to do so (t=2.2, 103 p>0.05) (Fig.1C ). Together, these data indicate that when compared to the WT controls, the KO 104 mice have a reduced preference to contacting familiar over unfamiliar anesthetized mice in the 105 home cage. First, before the detailed ethology, we analyzed locomotion of the subjects during the test.
117
For the total distance traveled, the two-way ANOVA did not detect a significant 118 genotype*familiarity interaction or a significant main effect of familiarity or genotype. For the 119 average distance to the demonstrator, the ANOVA detected a significant main effect of 120 familiarity (F(1,60)=8.06, p=0.006) and the Bonferroni posttest revealed a significantly longer 121 average distance to the unfamiliar demonstrator in the WT group (t=2.48, p<0.05) ( Fig.2A-C) .
122
There were no significant effects on the durations of Digging, Grooming, Rearing, and Not 123 Moving ( Fig.2D lower row panels) but in the presence of unfamiliar demonstrator, there were 124 opposing tendencies in WT and KO mice towards more and less Digging, respectively, and a 125 tendency towards more Not Moving in both genotypes.
126
By contrast, for Eating, there was a significant genotype*familiarity interaction 127 (F(1,60)=4.2, p=0.044). The Bonferroni post-hoc analyses revealed that the WT mice spent 128 significantly less time eating in the presence of familiar than unfamiliar demonstrator (t=2.97, 129 p<0.01), whereas the KO mice did not (t=0.003, p>0.05). However, there was no significant 130 negative correlation between Eating and contacting demonstrator (r=-0.043, p=0.73), which 131 indicated that these two behaviors did not compete. For Hanging, there was no significant 132 interaction between the two factors but a significant main effect of familiarity (F1,60)=14.2, 133 p<0.001). Post-hoc analyses revealed that the KO mice spent significantly more time hanging in 134 the presence of unfamiliar demonstrator (t=3.7, p<0.001), whereas the differences in WT mice 135 were not significant (t=1.6, p>0.05). For Resting in Nest, there was a significant main effect of 136 genotype (F(1,60)=6.3, p=0.015) but no genotype*familiarity interaction. Together, these data 137 indicate that the genotype of subjects and the familiarity of anesthetized demonstrator influence 138 several non-social behaviors without altering the overall activity of the subject. p=0.94) ( Fig.3) . In both genotypes, the post-hoc analyses revealed significant preference towards 163 spending more time with familiar demonstrator than with empty cup (WT: t=3.7, p<0.01; KO: 164 t=3.3, p<0.01), whereas, with unfamiliar demonstrator, the preference did not reach significance 165 (WT: t=1.7, p=0.07; KO: t=2.2, p=0.06). In addition, the two-way ANOVA did not detect a 166 significant stimulus (familiar vs unfamiliar)*cup (containing demonstrator vs empty) interaction. 167 Together, these data indicate that KO and WT mice have the same level of sociability. Here, we report a novel social trait in mice -the preference towards making repeated social 223 contacts with a familiar over unfamiliar anesthetized conspecific in the home cage environment.
224
Then, we find this trait compromised in mice with the CA3-restricted knockout of BDNF, whose In this study, all subjects did not express aggression but actively contacted demonstrator 239 regardless whether it was familiar or not. During the first ten minutes of the test, when there was 240 a burst of contacting activity, the familiarity of demonstrator did not affect the duration of 241 contacts. However, during the following 80 minutes, when the overall level of contacts decreased, 242 animals spent more time contacting the familiar demonstrator. It suggests that while the initial 243 highly intense contacts are driven by exploration and novelty seeking, the subsequent contacts 244 are driven more by the social cues that are already familiar to the subject and that those familiar 245 cues enable the sustained contacting activity (Fig.1) . The sustained contacts with familiar 246 animals did not involve huddling. However, when demonstrator woke up and began to move, the 247 huddling returned, which indicates that huddling requires social signals from an awakened 248 animal. The lack of a significant effect of genotype on the initial contacts suggests that the 249 exploratory drive and novelty seeking are not compromised by the CA3 BDNF deletion. The 250 normal response to novelty was also supported by the normal olfactory dishabituation upon 251 presentation of novel odors (Fig.4) . By contrast, the significantly decreased duration of the later 252 contacts suggests a deficit in processing the familiar social cues. Then, what is wrong in BDNF KO mice? Their decreased preference to contacting 267 familiar demonstrator could not be explained by changes in sociability, which was found normal.
268
Neither it could be explained by a failure to recognize a cage mate because these mice have further referred to as knockout (KO) and wild type (WT), respectively. The genotype of mice 293 was determined as previously described (Zakharenko et al., 2003) . digging bedding, self-grooming, not moving outside the nest and the counts of rearing were 320 determined using the same method. To quantify locomotion inside the home cages, the trajectories of animal movements were tracked manually using a custom-made tracking module 322 for StreamPix5 software and a pen tablet connected to a PC. 323 The sociability test. The sociability test was performed as described (Moy et al., 2004) . The with doors closed for 5 min. Then, a demonstrator mouse was introduced into one of the cups 334 selected randomly and the doors were opened. The subject was allowed to explore the 335 compartments for 10 min. Cage mates and age-matched 129SvEv mice were used as familiar and 336 unfamiliar demonstrators, respectively, and were acclimated within 1-2 days before the test by 337 being placed inside the wire cup for 30 min. The beginning and end of the behavior epochs when 338 subjects were attending towards the cups or were physically touching them were annotated the 339 same way as the interaction with anesthetized conspecifics.
340
Olfaction test. The olfactory habituation/dishabituation test was performed as described (Yang 341 and Crawley, 2009) with slight modifications. Weighing boats (4.5 x 4.5 cm) with a piece of 342 Whatman paper (2 x 2 cm) attached by Scotch double sided adhesive tape were used for odor 343 presentation. On day 1, subject animals were acclimated for 1 hour to the test environment, which was a clean cage with a metal lid, a cover top and a clean odor presentation boat placed on 345 fresh wood bedding. The cage was located on a rack equipped with monitoring cameras. On day 346 2, after 30 min acclimation, sequential presentation of odors was performed repeatedly 3 times 347 for each odor, using freshly prepared odor presentation boats spotted with 10 µL of water, Two-way ANOVA and the Bonferroni post-hoc test were used to analyze interaction with the 371 anesthetized demonstrator, non-social behaviors, and sociability in the three-chamber experiment.
372
The factors were genotype, demonstrator (familiar or not) and cup (empty vs with demonstrator).
373
The Student t-test was used to compare contact times with familiar and unfamiliar anesthetized 374 demonstrator during the 10 min time bins and to compare licking times in the formalin test. Two-375 way repeated measure ANOVA was used in the olfactory habituation/dishabituation test with 376 odor and genotype as the factors. The correlation between contacting and eating was tested using 377 the Pearson correlation coefficient. Effects were considered significant at p<0.05. 
